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(54) Title: CRYSTAL FORMS OFN.(TRANS.-4.ISOPROPYLCYCLOHEXYLCARBONYL)-D-PHENYLALANINE 

(57) Abstract: New crystal forms of N-(lrans-4-isopropyIcyclohexy]carbonyl)-D-phenylalanine, also known as nateglinide, may 
J;^ be produced by dissolving nateglinide in any of its fonns. including solvates, in an organic solvent to fonn a solution followed by 
^ precipitation of nateglinide from the solution, and isolating and drying the precipitated crystal form of nateglinide. The precipitation 
of nateglinide may be induced either by cooling the solution, or by addition of another solvent which is miscible with the first solvent 
Q but in which nateglinide is only poorly soluble, or by combination of the two. Depending on the solvent a specific crystal form of 
^ nateglinide may be obtained. c.g., the R'-type crystal form of nateglinide produced by the described method has a difierent melting 
1^ point, infra red spectra and X-ray diffraction patterns from the previously known crystal forms of nateglinide. 
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CRYSTAL FORMS OP N- (TRANS--4- 1 SOPROPYLCTCLOHEXYLCARBONYL) -D- PHENYLALANINE 



The present invention relates to methods for the production of different crystal forms 
of N-(trans-4-isopropylcyclohexyIcarbonyl)-D-phenylalanine, also known as nateglinide. In 
particular, the invention relates to forming crystals of nateglinide referred to herein as the Re- 
type crystals or crystal form of nateglinide. 

Nateglinide of formula (I) is a known substance having therapeutic utility in 
depressing blood glucose levels. 




(I) 



Nateglinide is disclosed in United States Patent No. 4,81 6,484, the entire contents of 
which are expressly incorporated herein by reference. 

Nateglinide is known to have several crystal fornis. Examples of such crystal fomis 
include the forms known as B-type and H-type crystals. The B-type and H-type crystals and 
methods for their production are described in United States Patent No. 5,463,1 1 6, the entire 
contents of which are incorporated herein by reference. 

According to one aspect of the instant invention herein is provided a method for the 
production of different crystal forms of nateglinide wherein the method comprises dissolving 
nateglinide in any of its forms, including solvates such as hydrates, methanolates, 
ethanolates and acetonates, in a solvent including mixed solvents, forming the nateglinide 
crystals, isolating and drying the precipitated crystal form of nateglinide. 



In one embodiment of the instant invention, R'-type crystal fomn of nateglinide can be 
produced by a method wherein the method comprises dissolving nateglinide in a solvent in 
which nateglinide is readily soluble at an ambient temperature to form a solution, treating the 
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solution with another solvent which is miscible with the first solvent, and in which nateglinide 
is only poorly soluble to induce precipitation of the R'-type crystals of nateglinide, isolating 
and drying the precipitated crystal fornn of nateglinide, including solvates such as hydrates, 
nnethanolates, ethanolates and acetonates. 

Other objects, features, advantages and aspects of the present invention will become 
apparent to those skilled in the art f ronn the following description, appended claims and 
accompanying drawings. It should be understood, however, that the following description, 
appended claims, drawings and a specific example, while indicating a preferred embodiment 
of the invention, are given by way of illustration only. Various changes and modifications 
within the spirit and scope of the disclosed invention will become readily apparent to those 
skilled in the art from reading the following. 

Fig. 1 shows a powder X-ray diffraction pattern of B-type crystals of N-(trans-4- 
isopropyl-cyclohexylcarbonyl)-D-phenylalanine; 

Fig. 2 shows an infra red absorption spectrum of B-type crystals of N-(trans-4- 
isopropy!-cyclohexylcarbonyl)-D-phenylalanine; 

As indicated, one embodiment of the instant invention provides nateglinide in R'-type 
crystal form. Examples of the physical properties of the B-type and the R'-type crystal form 
of nateglinide are as follows: 

The melting point (mp) of B-type nateglinide crystals has been measured by the DSC 
method to be in the range of 128 to 131**C. 

An example of a melting point of the R'-type crystal form of nateglinide as measured 
by the DSC method has been found to be about 108'*C. 

An example of the powder X-ray diffraction patterns of the B-type crystal form of 
nateglinide may be found in Figure 1 . The diffraction pattern of the B-type crystal form of 
nateglinide shows maxima at 28 values of 3.9, 5.0, 5.2 and 14.1. 

An example of an infrared absorption spectmm of B-type crystal form of nateglinide, 
obtained by a KBr method is shown in Rgure 2. The Infrared absorption spectrum of the B- 
type crystal fornn of nateglinide is characterized by absorptions at around 3291, 2955, 1737, 
1642 and 1210 cm'\ 
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As summarized above, one aspect of the instant invention provides a method for the 
production of different crystal forms of nateglinide wherein the method comprises dissolving 
nateglinide in any of its forms, including solvates such as hydrates, methanolates, 
ethanolates and acetonates, in a solvent which includes mixed solvents, forming the 
nateglinide crystals, isolating and drying the precipitated crystal form of nateglinide. 

In one embodiment, R'-type crystal form of nateglinide can be produced by a method 
wherein the method comprises dissolving nateglinide in a solvent, referred to herein as a first 
solvent, in which nateglinide is readily soluble at an ambient temperature to form a solution, 
treating the solution with another solvent, referred to herein as a second solvent, which is 
miscible with the first solvent and in which nateglinide is only poorly soluble, to induce 
precipitation of the R'-type crystals of nateglinide, isolating and drying the precipitated crystal 
fomri of nateglinide, including solvates such as hydrates, methanolates, ethanolates and 
acetonates. 

First solvents in which nateglinide is readily soluble, i.e., in amounts of at least 1% by 
weight at an ambient temperature, include lower alcohols, such as methanol, ethanol and 
isopropanol. Polar solvents such as acetone, tetrahydrof uran, dioxane and dichloromethane 
can also be effective when used as the first solvent. Second solvents in which nateglinide is 
only poorly soluble, i.e., in amounts of 0.01% by weight or less, include water, hexane, 
heptane and diethyl ether. Where a mixed solvent is employed as the first solvent, a mixture 
of ethanol and toluene or a mixture of methanol and ethyl acetate is effective preferably in 
combination with water as the second solvent, and more preferably with water containing 
from about 0.5 to about 3% by weight of hydroxypropylmethylcellulose. The amount of 
nateglinide in the solvent ranges preferably from 1 to 50% by weight of the resulting mixture. 
If the amount of nateglinide is more than 50% by weight then the slurry properties of the 
initial suspension are poor and it will be difficult to agitate the mixture and dissolve the solid 
On the other hand, it is not efficient in terms of the volume of the solvent required to use less 
than 1 % of nateglinide by weight. The ambient temperature, i.e., the temperature in which 
nateglinide is dissolved in the first solvent, ranges preferably from room temperature to 
about the boiling point of the solvent, and more preferably from room temperature to about 
70°C. The amount of nateglinide dissolved in the first solvent ranges preferably from 5 to 
40% by weight of the resulting solution. The solution of nateglinide in the first solvent may be 
added to the second solvent, or the second solvent may be added to the solution of 
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nateglinide in the first solvent. The ratio of the first solvent to the second solvent in the 
resulting mixture ranges preferably from about 1 to 3 to about 1 to 9 by volume. It may be 
advantageous to add seed crystals, preferably B-type nateglinide seed crystals, in the 
mixture to aid precipitation of the desired crystal form of nateglinide. The resulting mixture 
containing nateglinide may be stirred or cooled to a lower temperature for a time sufficient to 
assure complete precipitation of the desired nateglinide crystals. 

Conventional methods, such as heating and stirring, may be used for dissolution of 
nateglinide. Nateglinide in any of its forms, including solvates such as hydrates, 
methanolates, ethanolates and acetonates, may be added to the solvent or the solvent may 
be added onto nateglinide, stirred, and heated to an ambient temperature ranging from room 
temperature to about the boiling point of the solvent to form a solution. Stirring, cooling and 
addition of seed crystals may be used to further induce precipitation of the desired crystal 
form of nateglinide. The precipitated crystals may be isolated by conventional methods, such 
as vacuum filtration or centrifugation. The crystals may be washed, preferably with a solvent 
or a solvent mixture consisting of solvents used in the crystallization. During isolation and 
washing, cooling may be applied, if so desired, preferably cooling the crystals to a 
temperature ranging from about 20 to about 0**C. The isolated nateglinide crystals may be 
dried under atmospheric or reduced pressure, preferably under reduced pressure ranging 
from about 20 to about 0.1 mmHg, at a temperature ranging from room temperature to about 
80*^0. 

In another aspect, the present invention provides a pharmaceutical composition 
comprising crystals as obtainable by the above method, in particular the R'-type crystals, and 
pharmaceutically acceptable excipients, diluents or carriers thereof. 

In a further aspect, the present invention provides a method for manufacture of a 
phannaceutical composition comprising mixing an effective amount of crystals as obtainable 
by the method of the first aspect of the present invention, in particular the R'-type crystals, 
and pharmaceutically acceptable excipients, diluents or carriers thereof. 

In a still further aspect, the present invention provides a method for treatment of a 
human or another mammal to depress its blood glucose level comprising administering an 
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effective amount of nateglinide crystals as obtainable by the method of the present invention. 
In particular the R -type crystal form. 

The present invention is further described by the following example. The example is 
provided solely to illustrate the invention by reference to specific embodiment. This example, 
while illustrating certain specific aspects of the invention, do not portray the limitations or 
circumscribe the scope of the disclosed invention. 

Example 

The R'-type nateglinide crystals may be prepared as follows: 
The H-type nateglinide crystals are dissolved in a mixture of ethanol and toluene 
(50% of ethanol and 50% of toluene by volume; 1 60 mg of nateglinide/mL) at room 
temperature while stirring. After all the solids are dissolved, water containing 1%. 
hydroxypropylmethylcellulose is added to induce precipitation (about 7 x the volume of 
ethanol - toluene used). After stirring for 2 h further, the precipitated solids are collected by 
vacuum filtration, washed and dried overnight at 50°C under reduced pressure to afford the 
R'-type crystals: mp 1 08°C. 

Although the present invention has been described in considerable detail with 
reference to certain preferred versions thereof, other versions are possible without departing 
from the spirit and scope of the preferred versions contained herein. All references and 
Patents (U.S. and others) referred to herein are hereby incorporated by reference in their 
entirety as if set forth in full herein. 
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What is claimed is: 

1 . A crystal form of nateglinide having a melting point of about 108°C; or solvates thereof. 

2. A method for the production of R'-type crystal form of nateglinide wherein the method 
comprises; 

(a) dissolving nateglinide in any of its forms in a first solvent in which nateglinide Is 
readily soluble at an ambient temperature to form a solution; 

(b) treating the solution with a second solvent which is miscible with the first solvent, 
and In which nateglinide is only poorly soluble to induce precipitation of R'-type 
crystals of nateglinide; and 

(c) isolating and drying the precipitated crystal form of nateglinide. 

3. The method of claim 2, wherein the precipitation of the crystal form of nateglinide is 
induced by stirring, cooling or by adding seed crystals of nateglinide. 

4. The method of claim 2, wherein the ambient temperature ranges from room 
temperature to the boiling point of the solvent. 

5. The method of claim 2, wherein the crystal form of nateglinide is dried under 
atmospheric or reduced pressure at a temperature ranging from room temperature to 70°C. 

6. The method of claim 2, wherein the first solvent is a mixture of ethanol and toluene; 

7. The method of claim 6, wherein the second solvent is water containing 
hydroxypropylmethylcellulose. 

8. The method of claim 7, wherein the first solvent contains 50% of ethanol by volume; 
the second solvent contains 1 % of hydroxypropylmethylcellulose; and the ratio of the first 
solvent to the second solvent Is 1 to 7 by volume. 

< 

9. The method of claim 8, wherein the ambient temperature is room temperature; and the 
crystal form of nateglinide is dried under reduced pressure at a temperature ranging from 
room temperature to 50°C. 



wo 03/087038 



PCT/EP03/03864 



1/1 



Eile; 0177-32-18 fiAal lab process sanple, JS>t DJHSOB polsnDXph deteminatioB 
Date: 07/13/00 11:02 Step : 0.020* Cat Tine: D.400 Sec. 
Range: 1.50 - 40.00 (Deg) Cont. Scan Rate : 3.00 Deg/nzLn. 




Figure 1 




Rgure 2. 



BEST AVAILABLE COPY 



INTERNATIONAL SEARCH REPORT 



lnT??TiatlDnaI Application No 

PCT/EP 03/03864 



A. CLASSinCATION OF SUBJECT MATTER 

IPC 7 C07C233/63 C07C231/22 



According to IniamalionaJ Patent Ctassitication (IPC) OT to boih nailoral classincalton and IPC 



RELDS SEARCHED 



Mninuimdocumentatbn searched (daesVication system foBowed- by dassilicalfon symbols) 

IPC 7 C07C 



Oocumenlallon searched other than ninirnum documentation to itie extent that such documents aie induded in the Relds searched 



Electronic data base consulted during the international search (name of data base and, vrtiere practical, search terms used) 

CHEM ABS Data, WPI Data, EPO-Internal , PAJ 



C. DCX^UIMENTS CONSIDERED TO BE RELEVANT 



Categoo'' 



A 



P.A 



Qlallon of document, wUh indcalton, where appropriaie, of the ratevant passages 



US 5 463 116 A (M. SUMIKAWA ET AL) 
31 October 1995 (1995-10-31) 
cited in the application 
the whole document 

DATABASE CAPLUS * On line! 

CHEMICAL ABSTRACTS SERVICE, COLUMBUS, 

OHIO, US; 

retrieved from STN 

Database accession no. 2001:625224 

XP002249976 

ab s tr act 

& G. LI ET AL: YAOXUE XUEBAO, 

vol. 36, no. 7, 2001, pages 532-534, 

WO 03 022251 A (ALEMBIC LTD) 
20 March 2003 (2003-03-20) 
the whole document 



RelevEid to No. 



1.2 



1,2 



□ 



Further documents are Usiedin the oonlinuatlon of box (X 



Patent tamOy rrerrtiers are listed In annex 



* Spedei categories of dted documents : 

•A* document defining the general slate of the art which a not 
considered to boot particular relevance 

'E* earSerdocunr»fttbutpubrshedD»cirafterthe Intemallonal 
mfng dale 

•L* documetrt wtilch may throw doubts on priority daJm(s) or 
which is cited to establish the pubOcalion date o( another 
chatlon Of other special reason (as specified) 

*0* document referring to an oral disdosura. use, exhibition or 
other msane 

*P document published prior to the intemaficnal fiEng date but 
later than the priority date cJahned 



T* later document published alter the international filtr^ date 
or priority date artd not in confRd ttie application but 
died to understand the principle or theory underiyBftg the 
Invention 

"X" documentor particular relevance; the davned Invention 
cannot be considered novel or cannot t>e considered to 
involve an inventive step when the document is taken alone 

■V documeni of particular relevance; the da»ned biventlon 

cannot be considered to invoh/e an inventhre step y/h&n \Ye 
document b comtiined with one or more other such docu- 
ment3» such combtnaUon being obvious to a person skilled 
In the Bit 

documeni member of the same palent family 



Date o( the actual compieiton of tne international search 



4 August 2003 



Date of maiSng of the lAtemaOonal search report 



25/08/2003 



Name and maiing address of the ISA 

European Patent C3ltice, P.B- 5818 Paientlaan 2 
NL - 2280 HV R|sw5lf 
TeL {431-70) 340-2040. Tx. 31 ^1 epo nl. 
Fax: (+31-70) 340-3016 



Authorized odloer 



Van Amsterdam, L 



Farm PCT^SA^SIO (second aheo») (JuV ^982) 



INTERNATIONAL SEARCH REPORT 

IntOTinatlon on patent family merobs^s 



atlonal Application no 

PCT/EP 03/0S864 



Patent documGnl 

Mta^ In CA^rrH ronnrt 


Publication ^ 
date 


Patent family 
member(s) 


r uuiiCailC/n 

date 


US 5463116 A 


31-10-1995 


CA 


2114678 


Al 


02-08-1995 






US 


5488150 


A 


30-01-1996 






AT 


149483 


T 


. 15-03-1997 










Dl 


10-04-1997 






DE 


69217762 


T2 


nQ-l 0-1007 






EP 


0526171 


A2 


03-02-1993 






ES 


2100291 


T3 


16-06-1997 






JP 


2508949 


B2 


19-06-1996 






JP 


5208943 


A 


20-08-1993 






LU 


90843 


A9 


04-02-2002 






LU 


90846 


A9 


04-02-2002 






BR 


1100807 


A3 


28-12-1999 






DK 


526171 


T3 


25-08-1997 


WO 03022251 A 


20-03-2003 


WO 


03022251 


Al 


20-03-2003 



Fonn PCT/I5A/210 (pdlent lain% annex) (Jtdy t9SS> 



